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FY 2016 SBOE IDAHO INCUBATION FUND PROGRAM 1 
Pilot Scale Algae Resource Recovery Unit  2 

1. Name of Idaho public institution: Boise State University 3 

2. Name of faculty member directing project: Kevin Feris 4 

3. a) Original proposed submission: 2016  b) no previous awards 5 

4. Executive Summary: 6 

As natural resources dwindle, our society is quickly moving towards a need and desire for a 7 

more complete recovery of existing resources, including nutrients, liquid and solid waste, and 8 

greenhouse gasses otherwise released to the environment.  Algae is the only alternative energy 9 

source that simultaneously produces valuable energy products, mitigates eutrophication of our 10 

lakes and rivers, and reduces the potential for nutrient contamination of our subsurface aquifers.  11 

Algae based alternative energy has not yet been tapped in Idaho, although the state offers great 12 

potential for algae crops.  Idaho has unique resources that are ideal for algae based agriculture 13 

such as hot, arid summers combined with a high volume of agricultural irrigation water and 14 

nutrient laden waste streams that can be used as a low-cost resource for algal cultivation.  By 15 

investing in and commercializing algal biomass production for alternative energy, Idaho will be 16 

at the forefront of innovative research and business development, maintaining pristine water 17 

quality of our lakes and rivers while capitalizing on the abundant and currently untapped 18 

wastewater resources.   19 

We propose to construct, test, and operate a pilot-scale Algae Resource Recovery Unit (ARRU).  20 

The ARRU will be situated at a local dairy farm and will receive dairy barn wastewater as the 21 

sole nutrient source.  This ARRU will improve overall economics of the dairy farm through a 22 

diverse portfolio of value propositions in the form of: 1) water quality trading credits that may be 23 

sold to industrial or municipal wastewater facilities and 2) a biomass based commodity that may 24 
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be processed into either bio-crude or high protein cattle feed.  The additional income derived 1 

from the ARRU is estimated to be up to $410 per cow/year for combined water quality trading 2 

and cattle feed.  This is a significant value to the dairy operation where average returns are 3 

generally very narrow, averaging $41.25 per cow/year over a 20 year period [1]. 4 

5. “Gap” project objective and total amount requested 5 

Project objective:  Wastewater-to-algae research began six years ago at Boise State University 6 

(BSU) and is ongoing today. This research has yielded multiple externally funded projects, 7 

graduate students, publications, and a pending patent.  Our research and development has ranged 8 

from laboratory to greenhouse scale as we maintain a primary focus on dairy wastewater 9 

remediation.  We propose to build on this knowledge by constructing a pilot scale ARRU.  This 10 

large scale experimentation and demonstration of our technology is necessary to generate “real-11 

world” value estimates for algal biomass production and water quality trading (WQT) scenarios.  12 

The information obtained from this work will be used to accurately project dairy based income 13 

potential for multiple value propositions that may be realized with a full scale system. 14 

Total amount requested:  A total of $75,000 is requested to construct, test, and run the pilot scale 15 

ARRU reactor.  A majority of funds will be used for equipment, material, and travel ($41,242) 16 

with the remainder being used for labor costs for the twelve month period ($33,758).  17 

6. Description of how resource commitments reflect the priorities of the home institution 18 

 The continued development of the algae biofuels and bio-products program at BSU is supported 19 

by the Department of Biological Sciences and the State of Idaho, as we have received funding 20 

through the Idaho National Laboratory and the Center for Advanced Energy Studies.  21 

Additionally, the Environmental Protection Agency (EPA) and the US Department of 22 
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Agriculture (USDA) focus on agriculture-to-algae research and both agencies have provided 1 

multiple funded grants to support our researchers and graduate students over the years. 2 

The proposed project is a continuation of recent collaborations with the University of Idaho’s 3 

Civil Engineering department (Erik Coats) whereby focus has been on development of value 4 

added products from dairy wastewater systems, such 5 

as bio-plastics, biogas, and algae based products [2, 6 

3].  We have leveraged these investments to 7 

construct, test, and operate greenhouse scale algal 8 

cultivation systems, in which we have demonstrated 9 

the potential for this technology to upcycle dairy 10 

wastewater into valuable commodities, Figure 1. 11 

7. Evidence that the project will have a potential impact to the economy of Idaho 12 

The ~530,000 dairy cows in Idaho generate an estimated 3 million tons of dry manure each year 13 

(2010) [4], with each ton containing approximately 4.5 kg of nitrogen (N) and 0.82 kg of 14 

phosphorus (P) [5].  These waste streams are traditionally dealt with via land application, a 15 

practice that can threaten waterways due to runoff and infiltration, facilitating the release of N 16 

and P to surrounding waters and causing aquifer contamination and/or surface water 17 

eutrophication and hypoxia [6, 7].  Resource recovery of the P emitted from Idaho dairies can be 18 

upcycled to create significant value added products, including WQT credits for statewide 19 

watersheds.  In addition, a biomass based commodity will be cultivated and harvested with the 20 

option for pivoting the value proposition between bio-crude, cattle feed, or other products based 21 

on market pricing and demand.  A model 200 head dairy farm is used for income projections, 22 

generating an estimated ~1,100 tons of manure per year and ~11 tons of P.  A reasonable algal P 23 

Figure 1.  BSU’s greenhouse raceways used 
for algal biofuel and bio-products research. 
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uptake rate of 60% of available manure based P can be assumed, with the following value 1 

propositions: 2 

1) Water quality trading: The market value of P based water quality trading is estimated at 3 

$20 per kg [8].  Income potential stands at ~ $132,000 per year for the 200 head farm or 4 

$660 per cow/year. 5 

2) Bio-crude commodity*: Dry algae biomass production is estimated at 660 tons/year, with 6 

bio-crude production from hydrothermal liquefaction at 35,000 L/year.  Income potential 7 

from bio-crude is projected at ~ $11,000 per year or $55 per cow/year.    8 

*Assuming biomass at 4% lipids.  Bio-crude priced at West Texas Intermediate @ $0.31/Liter 9 

3) Cattle feed commodity*: 660 tons of dry algae biomass per year can be substituted for high 10 

protein cattle feed with an income potential of ~ $125,000 per year or $625 per cow/year.  11 

*High protein cattle feed priced at Dry Distiller’s Grain commodity pricing @ $190/ton 12 

Pizarro et al. calculated the capital cost for a 27 acre dairy based algal attached growth system to 13 

be $1.68 million with an operating cost of $454 per cow/year for wet algae production [9].  14 

Based on the value propositions mentioned above and 20-year amortization of capital on 15 

estimates from Pizarro et al., the profit/loss from an ARRU can be estimated to be: -$160 per 16 

cow/year for combined WQT and bio-crude products and $410 per cow/year for combined 17 

WQT and cattle feed products.  Currently, a net loss is projected for the combined WQT and bio-18 

crude products, although fluctuating oil prices may push this option to profit in the future.  These 19 

biomass production estimates are consistent with published attached growth biomass yield 20 

estimates of 25 g∙m-2∙day-2, see section 9 below. 21 

8. The market opportunity 22 

a) Describe need the project would address 23 
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Idaho’s dairy industry production stands at 3rd in the nation and is a significant contributor to 1 

Idaho’s economy.  The industry as a whole is under increasing pressure to mitigate run off and 2 

ground water infiltration of N and P from wastewaters.  The goal of the federal Clean Water Act 3 

(1972) is to “restore and maintain the integrity of the nation’s waters” and requires adoption of 4 

water quality standards necessary to protect aquatic life, human health, and the environment.  5 

The Idaho Department of Environmental Quality states that 36% of Idaho’s streams do not meet 6 

water quality standards and are subject to total maximum daily load limits (TMDLs) for multiple 7 

parameters, including N and P.  The lower Boise phosphorus TMDL was approved by EPA in 8 

2015 and requires a combined 77% reduction from non-point sources, stormwater, wastewater, 9 

and improvement in ground water quality [10].  To meet these goals, municipal wastewater 10 

treatment plants (WWTPs) are required to reduce P discharge by 97% in the summer (May-Sept) 11 

and 89% in the winter.  Unfortunately, the TMDL provides no reserve for future population 12 

growth so increased discharge can only occur through a combination of expensive additional 13 

treatment infrastructure plus WQT.  In addition, an agricultural P discharge reduction of 61% is 14 

necessary for the TMDL goal to be met.  The Lake Lowell Watershed (LLW) within the Lower 15 

Boise River Subbasin is another area that surpasses the TMDL, requiring a 56% reduction of P 16 

inflow to meet the 70 µg/L limits [11].  The LLW is dominated by farms, irrigated crops, and 17 

pasture land, including seventeen dairies that are nonpoint sources contributing to the TMDL. 18 

b) Describe applications and markets for the technology.  Include market size and demand 19 

projections 20 

See response for section 7 above and 8 (c) below. 21 

c) Describe the product, its potential market audience, the competition, and barriers to 22 

market entry 23 






























